Background: In view of the increasing prevalence of obesity in children, it is necessary to investigate the relative performance of different indicators used for its assessment and health consequences.
Introduction
The growing affl uence in big metropolitan cities in India is affecting both diet and lifestyle. In particular, popularity of fast foods and sedentary life style is likely to promote obesity in younger children from urban affl uent populations. Investigation on adolescent obesity is of high relevance for several reasons. Firstly, persistence of childhood obesity into adulthood has been shown by several studies (Rolland Cachera MF et al. 1987; Siervogel RM et al. 1991; Serdula MK, 1993 and Guo SS, 1994) . Secondly, childhood obesity carries important health and social implications. Therefore, its prevention in childhood may help in preventing severe diseases in later years (Golan M, 1998) . In view of growing epidemic of non-communicable adult diseases in India, investigations of adolescent obesity appear imperative.
Reported studies show large variation in criteria used to assess obesity in children and adolescents . There is no uniform defi nition and assessment of overweight or obesity in children (Mast MA, 2002) . Even a most popular indicator like body mass index has not been carefully examined in younger children and adolescents. Almost all reported data pertains to adolescents from Europe or North America and therefore validation studies in other populations are needed . In particular, consistency of these indicators has not been proven in fi eld studies (Mast MA, 2002) . Present study therefore attempts to examine relative performance of several indicators used for assessing obesity among adolescents. Further, it is believed that the choice of cut-off for obesity screening indicator should be based on health related criteria (Sardinha LB, 1999) . We therefore, examined the clinical validity i.e. ability to predict health risk associated with obesity, by assessing relative efficiency of these indicators to predict risk of high blood pressure.
Subjects and Methods

Subjects
Two convent public schools (one for boy's and another for girl's) catering to children from urban affl uent High Socio-Economic class (HSE) were considered for the study. The major reason for considering adolescent from HSE was that adiposity is likely to be more prevalent among richer section of the population than the poorer section. Majority of the parents had education up to graduation and were either professionals or businessman. All children from 5th to 10th standard covering the age 9-16 years (1146 Boys and 1036 Girls) from these schools were included in the study. Absentees (5.7% boys and 6.8% girls) on the actual survey days were the only exclusions. Approval of the Institutional Research Advisory Committee for the study was taken.
Measurements
Anthropometric measurements were recorded in duplicate by trained investigators using standard procedures. Nevertheless, an inter observer variability (IOV) study was done before starting the study. Weight (kg) was recorded in duplicate with an electronic scale (Suysan, India) to the nearest 0.02 kg after ensuring the weighing scale is placed on a fi rm and leveled ground. The subject stood on the scale bare-footed and wearing their school uniform. Height was measured using stadiaometer to nearest 0.1 cm. The stadiometer was placed on a plain and fi rm surface and the subject was asked to stand on the wooden platform bare-foot, with their feet parallel to each other, head erect and the heels, buttocks and shoulders touching the vertical steel rod. The investigator held the chin to ensure that the position of the chin appears perpendicular to the steel rod. The horizontal metal road was lowered gently so as to touch the highest point of the top of head and the reading within the window was recorded. Body fat was measured using Omron (HBF 300, Japan) equipment that works on principle of bio-electrical impedance analysis (BIA). Skinfold thickness at triceps was measured (up to 0.2 mm) using Harpenden Skinfold Calipers (CMS Instruments, London, U.K.). Age assessment was done using birth date records from the school.
Assessment of Overweight
Body mass index (BMI)
Body mass index defi ned as kg/m 2 offers a reasonable measure of fatness in children and adolescents. For assessing prevalence of overweight children, the conventional cut off of BMI above 85th percentile was used (Must A, 1991) . Similarly age-sex specifi c cut-offs for BMI eveloped by Cole TJ, (2002) are also used to defi ne overweight children. These cut-offs are linked with adult cut-off and extrapolated to childhood as proposed at International Obesity Task Force (IOTF) meeting in 1997 (Bellizzi MC, 2000) .
Body fat (%)
Age-sex specific cut off for body fat percent (Ͼ85th percentile) given by McCarthy HD, (2006) was used for estimating prevalence of overweight in adolescents.
Skin fold at triceps (TSFT)
An easy method of assessing the percentage of body fat in children would be measurement of the subcutaneous fat layer, namely, skinfold thickness. The cut-off used for skinfold at triceps for defi ning overweight is often same as that of BMI i.e. 85th percentile given by Must A, (1991) for overweight .
Blood pressure
In order to examine the health consequences of adolescent obesity blood pressure measurement was taken with the help of a pediatrician. Taking blood sample for examining lipid profi le was diffi cult in case of children as school authorities were reluctant to permit such examination. A pediatrician accompanying the team measured the systolic blood pressure (SBP) and diastolic blood pressure (DBP) using sphygmomanometer (mercury).
It was measured in a sitting position, on left hand using an appropriate size child cuff, after a child had rest for at least ten minutes. Since the measurements of the students were taken during school timings, we were constrained to take a single measurement of blood pressure. We defi ned high systolic blood pressure (HSBP) and high diastolic blood pressure (HDBP) independently when measured SBP or DBP of a child was above 95th percentile of value of blood pressure corresponding to his/her age, sex and height percentile given by the Task Force Recommendations. This corrects for the effect of height on BP and allows severity of BP elevation to be compared between groups of children of different heights.
Statistical analysis
All measurements were tested for normality. Anthropometric variables having high correlation with age were considered after adjusting for age. Mean values of measurements for two groups were tested using Student's 't' test. All the analysis was carried out using SPSS/PC+ 11.0 version for Windows.
Receiver operating characteristics (ROC) analysis is a way of evaluating the accuracy of a diagnostic test by summarizing the potential of the test to discriminate between the absence and presence of a health condition (Zweig MH, 1993 and Hanley J, 1988) . In present study, we examined indicators of obesity for their sensitivity to identify individuals with high blood pressure. Thus, the sensitivity is the probability that the anthropometric indicator will classify a subject as overweight as well as having high blood pressure (truepositive); while the specifi city is the probability that a subject is non-overweight and is having normal blood pressure (true-negative). In ROC analysis the true positive rate is plotted against the false positive rate across range of values from the diagnostic test. This provides an estimate of the cut-off that corresponds to the best trade off between sensitivity and (1-specifi city). The decision threshold for the best trade off is the criterion value with the highest accuracy that maximizes the sum of the sensitivity and specifi city (Altman DG, 1991) . The area under the ROC curve (AUC) was used as a measure of the overall performance of the ROC curve because it refl ects the probability that the diagnostic test will classify correctly. The AUC can take values between 0 and 1, where one is a perfect screening test and 0.5 is a test equal to chance.
Results
Mean measurements of boys and girls by yearly age are plotted in Figure 1 . Weight, height and BMI increased as age increased in both sexes. Mean height of boys was signifi cantly (p Ͻ 0.01) higher than girls beyond 13 yr of age. In contrast, mean body fat (%) and BMI were signifi cantly (p Ͻ 0.01) higher in girls than boys beyond 13 yr. Mean TSFT and percent body fat increased with age among girls but not among boys. Mean TSFT for girls was higher than that for boys in every age group but differences widened beyond 13 yr age. Similarly, sex differences in mean percent body fat widened beyond 12 yr, with girls having signifi cantly higher values than boys.
Prevalence of overweight was computed using fi ve different indicators. Due to developmental variations during adolescence the prevalence of overweight was computed for three broad categories of age. These categories differed according to sex due to the obvious differences in age of maturity. In our study, the mean recalled age for onset of menarche was 12.2 ± 1.1 yr. Hence, categories for girls were defi ned as pre-pubertal (Ͻ11 yr), pubertal (11-13 yr) and post pubertal (Ͼ = 13 yr) while the respective categories were taken one year later in case of boys in view of the fact that they mature later compared to girls.
It can be seen that (Table 1) overall prevalence of overweight was highest based on body fat as an indicator (53.7% and 28.4% for boys and girls respectively), while it was lowest when TSFT was used as an indicator (11.7% and 7.6% for boys and girls respectively). Further, prevalence of overweight among boys was highest among prepubertal age group by any indicator and decreased as age advanced. Among girls, such age related trend was seen only when prevalence of overweight was estimated using BMI while the reverse trend was seen when cut off based on body fat measures were used. Prevalence of HSBP was 10.5% in boys and 9.7% in girls which increased with age and was highest in older children in both sexes. Prevalence of HDBP was lower (2.6% in girls and 7.0% in boys) than that of HSBP in both the sexes.
As the prevalence of overweight varied greatly by different indicators, the product moment correlations between them (Table 2) were computed.
BMI showed highest correlations with weight, TSFT and body fat percent, in both the sexes. However, the correlations of SBP with these indicators differed considerably in their magnitude. For example, it was highest with weight followed by that with BMI and was smaller with TSFT and body fat. Therefore, it is necessary to further examine concordance between these indicators for assessing adiposity. For each indicator, subjects identifi ed as overweight are given in the fi rst column and out of these, percentage of children identifi ed as overweight by other indicators as well, are given in the subsequent columns along with Kappa values (Table 3) . TSFT identifi es smallest number of children as overweight and shows smallest values for Kappa with other indicators. Body fat percent shows highest concordance (over 95%) with high values of Kappa with all other indicators especially among girls than boys.
Finally, the comparison of these indicators was done to examine the nature and extent of misclassifi cation with respect to health related risks viz. systolic blood pressure in this case. Sensitivity and specifi city values were calculated with equations of Himes JH, (1994) . For almost all indicators, using conventional cut offs, sensitivity was low compared to the specifi city (Table 4) . Poor sensitivity of the indicators could be due to the fact that the conventional cut-off is not appropriate for Indian population. The risk cut-offs were therefore obtained by ROC analysis and sensitivity, specifi city values were estimated (Table 4) for boys and girls separately. A typical ROC curve for BMI cutoff is shown in Figure 2a and Figure 2b for boys and girls respectively. It was observed that sensitivity for all the indicators using these cut-offs has increased considerably in both sexes. Among boys, maximum increase in sensitivity was seen in case of TSFT (from 30.8% to 67.5%) and BMI (from 58.3% to 74.2%) but was negligible in case of body fat percent (73.3% to 66.9%). Among girls, similar trends in the increase of sensitivity of these indicators were seen. More importantly, these ROC cut offs were much smaller for BMI and TSFT but was similar in case of body fat, when compared with the conventional cut offs given by Must A, (1991) .
Discussion
Lack of simple, accurate methods for assessing body fat directly has resulted in use of anthropometric indices as surrogate for body composition. Although, BMI is a most popular of all these indicators, several researchers (Dietz WH and Bellizzi MC, 1999, Sarria A, 1998 and Deurenberg P, 1998) have reported its limitations especially while using it for children and adolescents. In particular, two individuals with same amount of body fat can have different BMI (Sardinha LB, 1999) . Consequently, discordant estimates of prevalence of obesity are obtained from BMI and other measures such as TSFT. Therefore, relative comparison between indicators of overweight is of potential interest for assessing adiposity in adolescents (Malina RM, 1999) . In fact it is necessary to investigate validity of these indicators for predicting the health consequences. As associations between overweight (high BMI), excess fatness and high SBP have been reported for adolescents (Dwyer JT, 1998, Webber LS, 1991 and Smoak CG, 1987) we compared various indicators of obesity for predicting risk of high SBP. Our observations suggest that BMI could be a reasonably good indicator but may need a lower cut off for assessing adiposity as well as for predicting risk of high SBP, among adolescents from urban affl uent population in India. It may be worthwhile to consider some of the points before discussing the major fi ndings of our study. Single observation available on blood pressure was the limitation of the study and perhaps may be the reason for higher prevalence of high systolic and diastolic pressures observed in this population. However, it is unlikely to affect the relationship observed with various indicators to predict risk of HSBP. Secondly, measurement of body fat percent by bio-electrical impedance using Omron is also of some concern but is the best possible option available, especially in fi eld studies. Finally, cut off points for defi ning HSBP or HDBP used are based on International Standards of Task Force Recommendations as no such standards are available for Indian or Asian children in general.
Our observation that girls had signifi cantly higher TSFT and body fat values than boys beyond 12 yrs of age is in confi rmation with other reported studies from India Agarwal DK, (1992); Vijayraghavan K, (1974); Kapoor G, (1991) as well as from other population (Must A, 1991) . These observations are consistent with greater gains in muscle and bone experienced by boys and greater gains in total body fat experienced by girls during adolescence (Sardinha LB, 1999) . The estimates obtained from DXA also show ) that matured boys had less body fat than girl's and gives confi dence in our estimates of body fat based on BIA. In fact, Freedman DS, (2005) has recently reported that higher BMI values beyond 12 yrs among girls were mainly due to higher fat mass levels.
Prevalence of overweight was highest using body fat percent as cut-off and was lowest when based on TSFT cut-off. Malina RM, (1999) also report similar observations based on the analysis of data from six study groups. TSFT showed the poorest concordance with all other indicators of assessing adiposity while body fat and BMI showed higher Kappa values in girls than boys. These observations indicate that for a given BMI, adolescents have relatively higher body fat, not deposited at triceps but perhaps at abdomen, the observation well documented in case of Indian adults (Deurenberg P, 1998) . Despite the fact that validity of BMI across diverse samples of youth from different age, sex and ethnic groups has not been evaluated, it is used widely because of the relative ease and accuracy of the basic measurements (Smoak CG, 1987) . However, compared with estimates of body fat from DXA or densitometry, it is reported to have lower and variable sensitivity among children and adolescents (Sardinha LB, 1999 and Malina RM, 1999) . We compared various indicators for their potential to discriminate the health risk associated with adiposity i.e. high SBP. Kraemer HC, (1990) have suggested fi ve criteria for choosing a measure of adiposity and one of this is clinical validity, i.e. ability to predict morbidity. Since correlation analysis is blind to systematic bias and cannot describe the nature and magnitude of misclassifi cation, we did categorical analysis to compute sensitivity and specifi city. For all the indicators, using conventional cut-offs, specifi city was greater, but sensitivity was very low. Sardinha LB, (1999) too report similar observations in case of adolescence from Portugal.
The sensitivity of almost all the indicators however, improved considerably when cut-offs based on ROC analysis were used. There are hardly any studies that have used ROC for studying clinical validity of these indicators. Sensitivity of all the indicators was much higher among girls than boys and BMI generally showed higher sensitivity compared to other indicators in both sexes. However, these ROC cut-offs obtained for BMI were much lower compared to the conventional cut-off based on 85th percentile for both boys (19.7 kg/m 2 ) and girls (21.2 kg/m 2 ). Knowledge about different indicators used for assessing obesity in children is of public health importance as it may help both in identifying high risk children and in targeting primary prevention strategies. In view of the fact that adolescent obesity is tracked in later life and is associated with morbidity, our observations underscore the importance of examining them for their clinical validity. The cut-offs determined by ROC had higher sensitivity in our population compared to conventional cut-offs, highlights ethnic variations in body composition. However, our observation that ROC cut-offs were lower than the conventional cut-offs highlights the need for population specifi c customized classifi cation systems for assessing obesity in view of the probable population differences in relative risks of noncommunicable adult diseases.
